Genetic control of the cell proliferation-differentiation balance in the developing skull vault: roles of fibroblast growth factor receptor signalling pathways.
Activating mutations of genes encoding the transmembrane tyrosine kinase receptors fibroblast growth factor receptors (FGFRs)1-3, and haploinsufficiency of the transcription factor TWIST, cause human craniosynostosis syndromes that typically involve the coronal suture. We have investigated the functional roles of these genes in development of the coronal suture in mouse fetuses, and tested the effects of increasing FGFR signalling by applying exogenous FGF2 to the suture. The results indicate that the proliferation-differentiation balance in normal sutural development involves a gradient of extracellular FGF from the region of differentiation, in which Fgfr1 is expressed, to the sutural mesenchyme, in which low levels of FGF are associated with Fgfr2 expression in osteogenic stem cells. Experimental increase of sutural FGF levels leads to down-regulation of Fgfr2, up-regulation of Fgfr1, up-regulation of the osteogenic differentiation gene Osteopontin, and cessation of proliferation. Twist is expressed in the midsutural mesenchyme and is partially co-expressed with Fgfr2, consistent with the possibility that it is involved in maintaining proliferation through regulating transcription of Fgfr2.